are rather well defined and striations of the dark cells are best developed. Electron microscopic observations on this structure of the bat, which has not so far been examined, may contribute to some extent to the understanding of structure and function of the stria vascularis in general.
I. Material and Methods.
For light microscopy.
Six individuals of the bat (Rhinolophus ferrum-equinum nippon) caught in June were sacrificed by decapitation, and the osseous labyrinths were immediately removed. The cupula of the cochlea, and round and oval windows were cut open so as to lead the fixative into the cochlea. The used fixatives are either LEVI'S fixative or ZEN-KER-formol.
After fixation for 2 days, the specimens were decalcified with 5%
with iron-hematoxylin of HEIDENHAIN and azan staining for LEVI-fixed materials, and with hematoxylin (HANSEN)-eosin and periodic acid SCHIFF (PAS) reaction for ZENKER-formol-fixed materials.
For electron microscopy.
Small pieces of lateral wall of the cochlea including the stria vascularis and spiral ligament were fixed in 1% solution of osmium tetroxide adjusted to pH 7.4 with the specimens were dehydrated immediately after the completion of fixation. The 387 dehydration was carried out with 50, 70, 90 and 100% alcohol. The specimens were embedded either in a mixture of styrene and n-butyl methacrylate, Epon or Epok 533 according to KUSHIDA (1959 KUSHIDA ( , 1961 KUSHIDA ( , 1963 . Sectioning was performed by means of PORTER-BLUM microtome with glass knives. Sections from epoxy-embedded material were directly mounted on a silica-coated grid, and stained with saturated uranyl acetate solution in 50% alcohol for about 4 hours (KUSHIDA 1961 ). An Hitachi HU-10 and a JEM-T6 electron microscope were used under direct magnification of 1,000 to 10,000 times.
II. Observations.
A. Light microscopy.
The stria vascularis is a slightly papillated thick epithelium lining the lateral wall of the cochlear duct. (Fig. 3) . These striations are clearly demonstrated in LEVI-fixed preparations stained with either iron hematoxylin or azan, and tinted dark blue in the former and red in the latter prepartions. They look like teeth of a comb, and noticed to be more highly developed in both of length and thickness in the bat than any other species of mammals ever examined.
Figs. 1-3. Photomicrographs of the stria vascularis (SV) and underlying spiral ligament (LS). In each micrograph, the lumen of cochlear duct (Coc) is seen at the top. Blood capillaries containing erythrocytes (Er) are embedded in the epithelial layer, and are localized in an immediate subjacent part to the surface of the stria vascularis. The stria is composed of two different epithelial cells, i. e., superficial dark cells and middle and basal light cells. In Fig. 3 , vertical striation in the cytoplasm of dark cells is clearly shown. Another type of epithelial cells are the light cells situated in deeper parts of the epithelium.
The cytoplasm is pale after various stainings, and the nuclei are round or oval and distributed in middle and basal zones of the stria vascularis.
It is noteworthy that the sum of numbers of nuclei seen in the middle zone and those of the basal zone is approximately equal to numbers of nuclei seen along the free surface. It may be assumed, therefore, that total numbers of light cells are almost the same as the numbers of dark cells.
B. Electron microscopy.
The stria vascularis in the first and second coils of bat cochlea was observed with the electron microscope. The two types of epithelial cells in the stria vascularis recognized by light microscopy are identified under the electron microscope by their shape and localization.
As the stainability of the cytoplasm is generally parallel to the electron density in this case, cytoplasmic matrix of the dark cell appears to be denser than that of the light cell as seen under the electron microscope.
a) The dark cell.
The main cell body of this cell containing oval or triangular nucleus forms a continuous lining of the cochlear duct (Fig. 4) . Terminal bars are observed at the corner between the free surface and the lateral adjoining surface of adjacent cells. No intercellular gaps or discontinuities are observed. The free surface of this cell is almost smooth and no microvilli are found, though slight elevations of cytoplasm are occasionally seen (Figs. 4, 5) .
GOLGI apparatus consisting of weakly developed lamellae and small vesicles is observed in the vicinity of the nucleus (Fig. 5) . A few round vesicles and vacuoles are scattered in the cytoplasm just beneath the cell surface. Ribosomes are freely scattered and mostly tend to gather in clusters. The rough-surfaced endoplasmic reticulum is almost absent. Mitochondria in the main cell body are shaped like either spheres or short rods, and not correlated with infolded plasma membrane but scattered randomly in the cytoplasm (Fig. 5 ).
Blood capillaries are often situated closely to the free surface of the epithelium and leave only a very narrow space between the capillary and the epithelium surface, that is filled with an extremely attenuated cytoplasm of the dark cell (Fig. 4) .
Small dark granules are often observed in the dark cell cytoplasm, especially around the nucleus. They are round, oval or of somewhat irregular in shape like tadpoles or dumb-bells (Fig. 5 ). Probably are pigment granules, but quite different in morphology from the pigment granules of the light cells which will be described later (Fig. 7) . Size of the pigment granule of the dark cell is smaller than that of the light cell.
Characteristic striations in the cytoplasmic extension found with the light microscope are nothing but numerous cytoplasmic processes containing long filamentous mitochondria and infolded plasma membranes (Figs. 4, 6, 7) . If the section is cut through the plane parallel to the long axes of these processes, they appear like strands connected with the lower surface of the main cell body of the dark cells. Therefore, the outline of whole cell body of this cell type is seen like a jellyfish ( Including this intercellular space, the plasma membranes form parallel-running double membranes, one of which is the cell surface of the dark cell process, while another is that of the adjacent light cell process. However, additional double membranes are seen in the dark cell processes. In this case, both sides of the double membrane are equally dense cytoplasm in contrast to the former case, in which one side of the double membrane is dense but another side is less dense. The additional double membranes are not the boundary between two different types of epithelial cells, but are most probable to be a part of plasma membrane of the dark cell which is invaginated or infolded into the own cell body. Small clusters of ribosomes are seen in dark cell processes (Figs. 8, 9 ).
The thickness of the process is variable from place to place. The length is often very long, reaching almost the total thickness of the epithelial layer of stria vascularis. Strictly saying, however, tips of the processes do not reach the basal surface of the epithelium, but a thin layer of the light cell cytoplasm is interposed between the tips of dark cell processes and the subepithelial flattened cells of the transitional zone (Fig. 10). b) The light cell. The second cell type of epithelial elements of the stria vascularis, i. e. the light a short rod not only in the perinuclear region, but also in the processes which interdigitate with those of the dark cells (Fig. 10 ). This fact is in a striking contrast to mitochondria in the dark cell processes, which are long filamentous organelles. The upward processes of the light cell are characteristically less in electron density and poor in contained organelles, namely a few mitochondria like a short rod in shape, rosette-like clusters of ribosomes, and moderately large spherical vesicles are floating in a watery clear matrix (Figs. 8, 9 ). Membrane infoldings like those found in the dark cell processes are rarely found also in the processes of the light cell, though they occur in a lesser frequency. Relatively large pigment granules are occasionally seen in the perinuclear cytoplasm of the cell situated in the middle zone. These granules are roughly round in outline and contain many clear vesicles in a dark matrix (Fig. 7) . Such a feature resembles that of the pigment granules found in cells in the spiral ganglion of the guinea pig and rabbit (SUZUKI, WATANABE and OSADA 1963) . It is noteworthy that the pigment granules of the light cells are larger than those in the dark cells.
c) The transitional zone. The transitional zone which consists of two layers of flattened cells is interposed between the stria vascularis and the spiral ligament. Monolayered parts are rarely seen. The flattened cells are considerably thin and extend over the basal surface of the stria vascularis (Fig. 10) . No basement membranes are observed on either internal (stria-side) and external (ligament-side) surfaces of the transitional zone.
The nuclei of cells of this zone are elliptical or triangular in sections and surrounded by a small amount of cytoplasm, which contains poorly developed GOLGI apparatus and a few small vesicles. Slender mitochondria are contained in attenuated parts of the cytoplasm. No desmosomes are found along the cell boundaries in this region.
d) The spiral ligamet. The spiral ligament is penetrated by many blood vessels, most of which are capillaries and similar in structure to the capillaries in stria vascularis. The capillary wall is composed of very thin endothelium without pores (Fig. 11) .
The parenchyma of the spiral ligament consists of two types of ligament cells and intercellular fibrillar substance, whose amount is variable from place to place. The ligament cells with clear cytoplasm occur in groups or bundles, whose cross cut profiles are spherical (Figs. 11, 12) . Two or three cells are often seen in each group, but some group consists of more numerous cells (Fig. 13) . The interstices between the capillaries and round cell groups with clear cytoplasm are filled with another type of ligament cells which possess dense cytoplasm (Fig. 11) .
The outline of the denser cell is very irregular and complicated, and the wavy cell periphery interdigitates with the same structure of adjacent cells of the same type. Its nucleus is triangular or polygonal, and the dark cytoplasm is filled with many mitochondria and ribosomes (Fig. 11) .
The cell boundary between the ligament cells with clear cytoplasm is also interdigitated in most part but not all (Figs. 12, 13 ). The nucleus is round. Watery clear cytoplasm contains rosette-like clusters of ribosomes and slender mitochondria. Small GOLGI apparatus consists of vesicles (Fig. 13) . Pigment granules containing vesicles are also observed. These are similar in structure to pigment granules of the light cell in the stria vascularis (Fig. 12) . Besides the interdigitating cell boundary, infolding of plasma membrane is also observed and some parts of the infolded membranes are replaced by rows of small vesicles, which are reminiscent of vesicle chains reported by SMITH (1957) and IIJIMA (1959) . It is not certain, however, whether this feature is naturally brought about by pinching off or multiple constriction of infolded membranes, or merely an artefact caused by fragmentation of membranes during the specimen preparation.
III. Discussion.
The stria vascularis of only one animal species, that is the guinea pig has been repeatedly studied with the electron microscope by several authors such as ENGSTROM. et al. (1955) , SMITH (1957) , TACHIKI and NAKAYAMA (1958) In the guinea pig stria vascularis, the light cells rarely reach the endolymph surface as illustrated by ENGSTROM et al. In the bat, however, occurrence of the light cells on the free surface of the cochlear duct as well as that of the dark cells on the basal surface of the epithelium abutting the spiral ligament have never been observed. ENGSTROM and his collaborators described the presence of branching processes of the dark cells and a complex morphological interrelation between the dark and light cells, but SMITH and NAGABA both referred to the irregularities in outline of the basal surface of the dark cell as infoldings. It appears that the interlocking processes between the dark and light cells are less developed in the guinea pig than in the bat. The present observation on the bat stria vascularis that the complex structure occurring along the intercellular junctional zone between the two cell types is actually interdigitation.
Besides such an interdigitation, howewer, infolded plasma membranes into the own cell cytoplasm are also observed. SMITH recognized a beaded appearance of some of the infolded membranes of the so-called basal infoldings of the dark cell, but the present author did not find this in the epithelial cell layer of the stria vascularis, but did observe the corresponding structure in the spiral ligament cells with clear cytoplasm.
Close topographical relationships between mitochondria of dark cells and the complicated interdigitations and infoldings were already noticed in the guinea pig stria (ENGSTROM et al. 1955 , SMITH 1957 , NAGABA 1963 , but the abundance of mitochondria in the bat stria vascularis is more remarkable than that of the guinea pig. In the bat stria, interdigitation between the processes of dark and light cells is highly organized and regularly arranged.
These highly organized structures of the bat organ as well as the technical improvement for electron microscopy enabled us to understand the real relationship between the two cell types and the tridimensional morphology of plasma membranes of these cells. IURATO (1962) who studied the rat membranous labyrinth with the electron microscope described the presence of transitional cells forming 4-5 flattened cell layers which are inserted between the stria vascularis and spiral ligament. He demonstrated spiral ligament cells with clear cytoplasm which possess well developed intercellular interdigitations, but no description was given on the ligament cells with dense cytoplasm.
The present observation revealed the second cell type of the spiral ligament which is characterized with dense cytoplasm and irregular contour. These cells may interdigitate to the adjacent cells belonging to the same cell type. Therefore, the irregular foldings of the plasma membrane either infolding or interdigitation are universally observed in this region of the membranous labyrinth not only in the epithelial cells of the stria vascularis but also in the connective tissue cells of the spiral ligament, both of which are peculiarly penetrated by ample blood capillaries.
Infoldings with associated mitochondria were first found in the epithelial cells of the proximal convoluted tubule of the kidney, and concerned with the function of water transport for the reabsorption of urine (PEASE 1956 , RHODIN 1958 . Among secretory cells, the sweat glands are characteristic in providing with membrane infoldings, which were first described by KUROSUMI and KITAMURA (1958) .
Recently MATSUZAWA and KUROSUMI (1963) studied the eccrine sweat glands in the rat foot pad, and concluded that the folded membranes might be the site of enzymatic activity for transport of ions and play a role in the transport of water by ionpump mechanism. As evidences for this hypothesis, they demonstrated the facts that the infolded basal plasma membrane and interdigitating membranes on the lateral cell surfaces were strikingly positive to the detection of alkaline phosphatase and ATPase which are thought to be correlated with active transport mechanism of ions, and furthermore that the infoldings and interdigitations appear at about 10 days after birth, before that no perspiration on the foot pads could be detected by physiological examination. According to them, the foldings of the basal and lateral plasma membranes in the eccrine sweat glands are not only useful for multiplication of available surface area for water absorption, but also significant in increase in amount of the membrane-linked enzymes which may participate in water and ion transport across the membrane. IV. Summary.
The stria vascularis and underlying spiral ligament of the cochlear duct in the bat (Rhinolophus ferrum-equinum uippon) were observed with both the light and electron microscopes. The light microscopy revealed that the epithelium of the bat stria vascularis consists of regularly arranged cells and is provided with remarkable striations which extend from the part just beneath the free surface to the base of the epithelium in a vertical direction and are arranged parallel to one another.
Two cell types of the stria epithelium were recognized under the electron microscope and called dark and light cells. The former is situated along the free surface, while the latter is found either basal or middle zones of the epithelium.
The characteristic striations found in the light microscopic slides are interdigitations between the processes of dark and light cells. The downwards processes of the dark cells contain infolded plasma membranes and numerous long mitochondria and interdigitate with upward processes of the light cells which contain smaller numbers of mitochondria and infolded membranes.
Two cell types were found also in the spiral ligament. These cells show interdigitations along the intercellular boundary to the adjacent cell of the same type. Such strong foldings of the plasma membrane may be correlated with the function of water transport, which is the most important course in the endolymph production.
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